Summary
Background Human papillomaviruses (HPVs) are sexually transmitted human carcinogens that may play a role in the oncogenesis of penile cancer. Objectives To investigate the role of HPV infection and expression of the tumour suppressor protein p16 INK4A in the pathogenesis of penile cancer.
Methods By means of polymerase chain reaction amplification and reverse hybridization line probe assay to detect HPV infection, and immunohistochemical staining for p16 INK4A and Ki67, we analysed 26 penile squamous cell carcinomas (SCCs) and 20 independent penile lichen sclerosus (LS) lesions from 46 patients. Results HPV DNA was found in 54% of penile SCCs and 33% of penile LS cases in single and multiple infections. High-risk HPV 16 was the predominant HPV type detected. No relationship between Ki67 expression and HPV infection was observed. Strong immunostaining for p16 INK4A correlated with HPV 16 ⁄18 infection in both penile LS and penile SCC. In our penile SCC series the cancer margins were also associated with penile LS in 13 of 26 lesions, and HPV was detected in seven of the 13 SCC cases associated with LS and in six of the 11 SCC lesions not involving LS.
Conclusions Our study shows a high prevalence of HPV 16 and p16 INK4A expression in penile lesions, consistent with an active role for HPV in interfering with the retinoblastoma pathway. High-risk HPV infection could be involved in the tumorigenic process in 50% of penile cancers, and the use of prophylactic HPV vaccines has the potential to prevent these cancers.
Penile cancer accounts for 0AE3-0AE6% of all cancers in men in the Western world and this incidence is much higher in some African, Asian and South American countries. 1,2 Early diagnosis of penile cancer is both lifesaving and essential for cosmetically acceptable treatment. The most common histological type of penile cancer is squamous cell carcinoma (SCC), accounting for 95% of cases. Its aetiology is unknown, but risk factors include age and lack of circumcision. 1,2 Penile lichen sclerosus (LS) or balanitis xerotica obliterans is a chronic inflammatory disorder of unknown cause that may be a predisposing factor to the development of penile SCC, as 3-6% of patients with penile LS are reported to develop penile carcinoma 3,4 and 28-50% of penile SCC cases have associated LS. [5] [6] [7] Vulval LS is also considered one of two pathways for the development of vulval cancer, the other being via human papillomavirus (HPV) infection. 8 Persistent infection with sexually transmitted high-risk HPV is the main cause of cervical cancer, 9, 10 and HPV infection may also play a role in penile carcinogenesis. 11 A common aetiology for penile and cervical cancer is suggested by the geographical correlation between the incidence of penile and cervical cancers worldwide. 12 Male circumcision, which is associated with a reduced risk of penile cancer, 1,2 has also been associated with decreased penile HPV infection and, in the case of men with a history of multiple sexual partners, a reduced risk of cervical cancer in their current female partners. 13 The prevalence of HPV penile infections in healthy men is 3-9% in Western Europe which has a low incidence of penile cancer and 39% in Brazil where penile cancer rates are higher. 14, 15 However, unlike cervical cancer where it is considered that all cancers are HPV related and HPV infection can be detected in almost all cases, 9 the infection rates of HPV in penile cancer range from 20% to 80%, depending on detection method and geographical location. Staining for Ki67 and p16 INK4A was observed in both penile LS and SCC (Fig. 1) . No relationship between Ki67 expression and p16 INK4A or HPV infection was observed (Table 2 ). In contrast, strong immunostaining for p16 INK4A was found in approximately 50% of the penile lesions and this was associated with HPV 16 ⁄18 infection in both penile SCC and penile LS (P < 0AE05) ( Table 2 ). In our penile SCC series the cancer margins were also associated with penile LS in 13 of 24 cases (54%), with two cases uncharacterized due to insufficient noncancerous material. HPV was detected in seven of the 13 (54%) SCC cases associated with LS and in six of the 11 (55%) SCC cases not involving LS.
Discussion
We have established the prevalence of HPV DNA in penile LS and SCC and found an association with high-risk HPV 16 ⁄18 and p16
INK4A expression. Penile LS has been proposed to be a premalignant lesion predisposing for penile cancer development. 5, 6 However, there is only one report of the incidence of HPV infection in penile LS. Our detection of high-risk HPV 16 in 33% of our penile LS cases is higher than in a recent Italian study, which found it in 17% of penile LS cases. We detected HPV infections in 54% of our penile cancer cases, which is consistent with recent reports that have found HPV in 30% of Dutch 21, 22 and 77% of Spanish 23 penile carcinomas. HPV infections were more common in our penile cancers (54%) than in LS cases (33%). We found concurrent infection with more than one HPV type in 50% of infected detected, the levels of HPV may be too low for detection or HPV types may be present that are not amplified by the SPF10 system. 18 In the absence of HPV infection p16 INK4A expression is frequently inhibited by methylation or mutation in penile SCC 21, 32 and nonpenile cutaneous SCC. 33 Inactivation of p16 INK4A indirectly by HPV or by methylation and mutation therefore appears to be an important step in penile tumorigenesis. Our observation that penile SCC was associated with LS in 54% of our cancer cases is consistent with LS being a predisposing factor to the development of penile and vulval SCC. [5] [6] [7] [8] However, vulval SCC linked to LS has not been associated with HPV infection and conflicting results have been reported for the involvement of HPV in the development of SCC in patients with penile LS. Perceau et al. found HPV in five of nine SCCs without LS association and only one of eight SCCs with LS association, 34 while in contrast Nasca et al. reported HPV 16 infection in two of three penile SCCs that developed in a series of 86 patients with LS. 3 Our results show high-risk HPV 16 infections to occur in patients with LS. We also found HPV 16 infections at a similar frequency (50%) in penile SCC with LS association and in penile SCC without LS association. Persistent HPV infection could be involved in the tumorigenic process in approximately 50% of penile cancers, as unresolved HPV infection is a risk factor for cervical cancer. 20 The importance of HPV status in penile cancer progression and patient survival is controversial. High-risk HPV has traditionally been associated with aggressive variants, 35 but recent series examining the relationship of HPV infection with prognosis have revealed either no correlation with lymph node metastasis and survival 25 or a favourable survival outcome. 22 In summary, high-risk HPV infection occurs in both penile LS and SCC and is associated with p16
INK4A expression.
Expression of p16 INK4A may therefore be of value as a surrogate marker confirming the diagnosis of HPV-infected premalignant and malignant penile lesions. HPV 16 predominates in penile LS and SCC and it is likely to be an aetiological agent in the development of a significant proportion of penile cancers. These results are important as prophylactic HPV vaccines being developed for prevention of cervical cancer in women could also prevent penile cancers in men.
